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Introduction 

Over the last two years  several satellites in  Low  Earth  Orbit  (LEO)  and  geosynchronous orbit 
(GEO)  have experienced serious or catastrophic failures. In preliminary analyses it has  been  shown  that 
severe electrostatic discharges from spacecraft dielectric surfaces (e.g solar arrays and  thermal blankets) 
can sustain high discharge currents capable of disabling key  avionics  components  posing a threat to 
satellite survivability. 

Short Summary 

Surface charging of spacecraft surfaces in LEO  and  GEO orbit environments is caused primarily 
by electrons with energies oscillating between 1 and 50 KeV,  specially during magnetospheric 
substorms. In this type of charging strong electric fields develop.  When the electric fields exceed critical 
values electrostatic discharges (ESD)  can cause not  only EM1  but  can  pose potential threats to spacecraft 
hardware. 

replacement current to flow in the satellite structure. A rapid surface potential change induces noise in 
circuits through capacitive coupling. The objective is to estimate the current distribution and generated 
fields along complex conductive paths as shown for example  in Figure 1 for the discharge event between 
a solar array  and  shielded  wires connecting the solar array cells and a charge control unit inside the 

When  an  ESD event occurs,  charge is blown  off  from the dielectric surface which induces a 

spacecraft. The method of moments is used to analyze the current distribution paths. 

Figure I .  Modeling ESD Events  Between  a  Solar  Array  and  Cable. 

References: 
[ 11 Wilson, P.F. “Fields radiated by electroststatic discharges,”  IEEE Trans. on Electromagnetic 
Compatibility, Vol. 33, Feb. 1991. 
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IC Design Flow Modelinq Flow 

I 1 VHDWerilog 
Physical Flow Functional  Simulation 

Specified 
Analog Models 

Synthesis 
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Timing  Analysis 

I 
I VHDLNerilog 

Gate Level  Simulation 
Models for Parasitic \ l  Analog 

' Place-and-Route Models 
Behavioral 

Parasitic Extraction 

"""" """""" 

b Physical  Timing  Simulation , SPICE-like ) . . I  SPICE 

tools , Models 

DIGITAL ASIC OR HYBRID DESIGN 



System Level by the customer, requirements 
Specifications 

System analysis and 
architecture choice 

- 
Systern Level  Partitioning  performed 

Chipset partitioning 
and chip  level Specs. 

Choice of ICs in chipset, technology, 
Specs. for each IC 

relinlinary RF IC Design 
ropology tradeoffs. Nominal  Circuit Level Topologies 

f 

+" Detail lations, process, 
arasitics effects 

Physical  Implementation 
RF  IC Layout 

T 

Paratic extraction and 
Resimulation 

Determine additional  layout induced 
parasitics, recheck design 

Send to Manufacturer, Evaluate to Specs. 

TYPICAL RF ASIC DESIGN FLOW 
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FIGURE 3. ASIC OVERVIEW OF ITS OUTPUTS  LOSSES AND GROUND  CONNECTION 



11k F r o s s t a l k   E f f e c t s  I 

1 
[ " j  

IFIGURE I .  THE COMPLEXITIES OF INTERCONNECTS IN A PCB.] 
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Figure 7. Method of Moments Modeling of Shielded Cable with Loads 
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COMPUTER  POWER  HAS  ADVANCED  GREATLY  SINCE  THE  INTRODUCTION 
OF THE UNIVAC-1 ... 
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Figure 1 .  Growth Of Computer Power Over The Last 40 Years 
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8) If  yor~ simrllat.ion k i n g s  forth  an  amazing  pofenfially- 
publishable resnlt., look for a numerical instalWy. 

1 0 )  Ikware of EMC miracle worlwrs: persons/vcntlors who 
claim  their  soff.ware  (and  technical  experfise i n  mocleling)  will 
solve a l l  yow EM1 problems. 


